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bstract
A series of quaternary glass systems with the composition 79TeO2-(20−x)Nb2O5-xB2O3-1V2O5 was prepared using the melt
uench technique. Such studies as optical absorption, Raman, FTIR spectroscopy, EPR and DSC were carried out on the glass
ystem. The physical properties, such as density (ρ) and molar volume (VM), were determined. The Urbach energy (E), optical
and gap (Eopt), optical basicity (Λ), refractive index (n) and electron polarizability (α) of the glasses were determined from optical
bsorption data. Spin-Hamiltonian parameters of VO2+ ions were calculated from the EPR data. With the gradual substitution of
2O3 at the expense of Nb2O5, the density and optical band gap of the glasses decreased, and the electronic polarizability increased.
PR spectra revealed that VO2+ occupies an octahedral site with tetrahedral compression. Spin-Hamiltonian parameters g|| and g⊥ncreased as B2O3 content increased in the glass. The glass transition temperature (Tg) also decreased as the B2O3 content in the
lass increased.
 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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.  Introduction
From recent research investigating tellurium glasses
ontaining B2O3, it is observed that these glasses are
otential materials for the optical fibre industry because
f their good visible and infrared (IR) transparencies
1–3]. The glasses have good chemical stability and
igh values of non-linear refractive index. TelluriumPlease cite this article in press as: Swapna, et al. Raman, FTIR, 
quaternary glass system, J. Taibah Univ. Sci. (2016), http://dx.doi.o
∗ Corresponding author.
E-mail address: prasad5336@yahoo.co.in (M. Prasad).
eer review under responsibility of Taibah University.
ttp://dx.doi.org/10.1016/j.jtusci.2016.02.008
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C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).niobate glasses containing B2O3 possess a wide infrared
window and ultra-fast, non-linear optical response;
they have demonstrated excellent nonlinear perform-
ances. These materials have found wide application
in IR domes, optical filters and modulators. They are
potential materials for optical memory devices and
laser windows. Tellurium niobate glasses have been
widely studied by various researchers due to their
novel applications. It has been reported that tellurium
cannot be vitrified alone via the traditional method.
High transparent tellurium glasses can be obtained by
introducing other metal oxides [4]. These oxides includethermal and optical properties of TeO2-Nb2O5-B2O3-V2O5
rg/10.1016/j.jtusci.2016.02.008
behalf of Taibah University. This is an open access article under the
transition metal oxides, alkaline oxides and alkaline
earth oxides. Tellurium glasses with A2O3 (A = B2O3,
Bi2O3, Al2O3) oxides have high third-order non-linear
(TONL) susceptibility. Research has been conducted on
 IN PRESS+Model
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Table 1
Composition of glass system 79TeO2-(20−x)Nb2O5-xB2O3-1V2O5.
Serial no Sample code Composition (mol%)
1 TNBV1 79TeO2-15Nb2O5-5B2O3-1V2O5
2 TNBV2 79TeO2-10Nb2O5-10B2O3-1V2O5ARTICLEJTUSCI-286; No. of Pages 10
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TeO2-Nb2O5-Bi2O3 glasses, and these glasses exhibit
good optical properties, such as large refractive index
values and energy band gaps. Tellurium glasses with
oxides such as A2O3 exhibit semiconducting properties
[5]. Research has been conducted on TeO2-Nb2O5-
Bi2O3 glasses. It is reported that TeO2-Nb2O5-Bi2O3
possesses good performance because of low phonon
energy for tellurium glasses. Research has been focused
on producing new tellurite glasses of improved optical
properties. The physico-chemical properties and ther-
mal properties of TeO2-Nb2O5-Bi2O3 glasses have been
reported [6]. To the best of our knowledge, glasses with
79TeO2-(20−x)Nb2O5-xB2O3-1V2O5 have not been
studied and investigated. From the previous studies on
these glass systems, it is clear that at low concentrations
of A2O3, the nonlinear susceptibility of the glass is less,
and as the A2O3 concentration increases, the suscepti-
bility increases. High refractive indices of these glasses
were explained based on the electronic polarizability and
optical basicity. It has been reported that the decay of the
second harmonic intensity is reduced by the addition of
Al2O3 in TeO2 glasses [7]. The origin of nonlinearity
in tellurium glasses is due to the addition of A2O3 to
tellurium glasses having effects similar to silicon and
phosphate glasses. A careful selection of glass compo-
sition is required to obtain a glass sample with large
second harmonic generation (SHG) and high refractive
index values [8]. It has been reported that Bi2O3 is used
in ceramic materials and optical fibres because of its
high refractive index [9]. It is also used in the electronic
field due to it having a high valence cation of low field
strength and high polarizability. The aim of this work
is to analyze the optical, structural and thermal proper-
ties of tellurium niobate glasses containing B2O3 and to
present the correlation between glass structure and the
optical and thermal properties. In our present system,
we have chosen four glasses with the above mentioned
composition. B2O3 is chosen as the oxide glass former,
and the changes in the glass structure with the variation
in the modifier oxide are studied.
2.  Experimental
The composition of the glass samples is listed in
Table 1. All samples were prepared by using the follow-
ing starting chemical constituents: TeO2 (99.9% Sigma
Aldrich), B2O3 (99.9% Sd Fine), Nb2O5 (99.9% Sd
Fine) and V2O5 (99.9% Sd Fine). Composition of thePlease cite this article in press as: Swapna, et al. Raman, FTIR, 
quaternary glass system, J. Taibah Univ. Sci. (2016), http://dx.doi.o
glass chosen was 79TeO2-(20−x)Nb2O5-xB2O3-1V2O5
(x  = 5, 10, 15 and 20 mol%). Required quantities of
chemicals were carefully mixed in a porcelain crucible
and melted in an electrical furnace at approximately3 TNBV3 79TeO2-5Nb2O5-15B2O3-1V2O5
4 TNBV4 79TeO2-20B2O3-1V2O5
850–950 ◦C, depending on the composition, for one
hour. The melt was then poured onto a steel plate and
then pressed with another steel plate, both of which were
maintained at approximately 200 ◦C. All the samples
were bubble free and light brown in colour. The sam-
ples were moved to an annealing furnace, where they
were heated at 300 ◦C for approximately five hours and
then cooled to room temperature. X-ray diffractograms
of the samples were recorded using a copper target
(k = 1.54 A˚) on a Philips PW (1140) diffractometer at
room temperature. The densities of the glasses were mea-
sured at room temperature via the Archimedes method,
using xylene (ρ  = 86 g/cc) as the immersion liquid. From
the density values, the molar volumes of the glasses were
determined. The Fourier transform infrared spectra of
the glass samples were taken using a Perkin-Elmer FT-
IS spectrometer model 1605 in the wave number range
of 2000–400 cm−l. KBr pellets were used to record the
FTIR spectra of the glass samples. Raman spectra of
the samples were recorded by a micro-Raman spec-
trometer (LABRAM-HR) using laser excitation lines
of 632.8 nm (He–Ne) at room temperature. All mea-
surements were made in a back scattering geometry,
using a 20×  microscope objective lens with a numer-
ical aperture of 0.75. Typical laser power at the sample
surface was 2.4 mW, with a spot size of 2 m in diam-
eter. The optical absorption spectra were recorded by
using a double beam Shimadzu UV-3100 spectrometer
in the wavelength range of 350–800 nm at room tempera-
ture, with air as the reference medium. Disc-shaped glass
samples (1 mm thickness) were used to record the opti-
cal absorption spectra. The EPR spectra of the samples
were measured using a JEOL-JM Fe 3 EPR spectrometer
that works in the X-band frequency range. Differential
scanning calorimetry (DSC) of the samples was carried
out using a DSC Q-20 Instrument operated up to 600 ◦C
with a heating rate of 10 ◦C.
3.  Results  and  discussionthermal and optical properties of TeO2-Nb2O5-B2O3-V2O5
rg/10.1016/j.jtusci.2016.02.008
3.1.  X-ray  diffraction  (XRD)
The X-ray diffraction patterns of the glass samples
(shown in Fig. 1) did not show any discrete or sharp
ARTICLE IN+ModelJTUSCI-286; No. of Pages 10
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eaks, indicating the amorphous nature of the prepared
lass samples.
.2.  Physical  properties  of  the  samples
The physical properties of the glass system
9TeO2-(20−x)Nb2O5-xB2O3-1V2O5 were inves-
igated by measuring the densities of the glass
amples. The density and the oxygen molar volume
f the glasses were calculated using the following
quation.
 =
(
a
a −  b
)
×  ρx (1)
Here, ‘a’ is the weight of the glass sample inPlease cite this article in press as: Swapna, et al. Raman, FTIR, 
quaternary glass system, J. Taibah Univ. Sci. (2016), http://dx.doi.o
ir and ‘b’ is the weight of the glass sample when
mmersed in xylene. ρx is the density of xylene, which
s 0.865 g/cm3
.
The molar volume is given by the
quation
able 2
hysical and optical parameters of glass system 79TeO2-(20−x)Nb2O5-xB2O
roperty TNBV1 
ensity, ρ (g/cc) 5.38 
olar volume, VM (cm3/mol) 26.56 
xygen molar volume, V0 (cm3/mol) 15.78 
xygen packing fraction (mol/l) 70.62 
ut-off wavelength, λc (nm) 568 
ptical bandgap, Eopt (eV) 1.93 
rbach energy, E (eV) 0.25 
efractive index (n) 2.18 
etallization criterion (M) 0.37 
ptical basicity (Λth) 0.98 
lectronic polarizability 2.58 
lass transition temperature (Tg) 360 
lass crystallization temperature 488 
hermal stability, T 128  PRESS
ity for Science xxx (2016) xxx–xxx 3
VM =
∑
xiMi
ρ
(2)
Oxygen packing fraction (OPD) is given by
OPD  =  1000C
( ρ
M
)
(3)
The oxygen molar volume V0 is given by the equation
Vo =
(∑
xiMi
ρ
)  (
1∑
xini
)
(4)
where Mi is the molecular weight, xi is the mole fraction
of each component, ρ  is the density of the glass, ni is the
number of oxygen atoms in each constituent oxide and
C is the number of oxygen atoms per formula unit.
Densities of the samples TNBV1–TNBV4 were cal-
culated. Molar volume, oxygen molar volume and
oxygen packing fraction for each sample were calcu-
lated from the density values; the values are presented
in Table 2. The density of the samples was in the range
of 5.38–5.07 g/cc. On the other hand, the molar volume
increased from 26.56 to 29.87 cm3/mol. Moreover, the
density of the samples decreased as the B2O3 content
increased; hence, the molar volume increased. The vari-
ation in the density values of the glasses is attributed to
the structural rearrangement of atoms inside the glass
upon addition of B2O3 to TeO2. The molecular weight
of B2O3 (69.61 g/mol) is lower than that of Nb2O5
(265.81 g/mol); thus, the density of the glasses decreases
as B2O3 replaces Nb2O5 inside the glass matrix [10].
This will result in a decrease in strong connectivity in
the glass network. The compactness of the glass net-thermal and optical properties of TeO2-Nb2O5-B2O3-V2O5
rg/10.1016/j.jtusci.2016.02.008
work decreases. NBOs created in the glass due to the
introduction of B2O3 alter the structure of the glass in
such a way that the density of the glass decreases as
B2O3 increases [11,12]. An increase in molar volume
3-1V2O5.
TNBV2 TNBV3 TNBV4
5.17 5.15 5.07
27.59 29.57 29.87
14.53 13.96 13.83
70.35 69.63 67.06
612 595 632
1.85 1.79 1.72
0.22 0.21 0.19
2.23 2.24 2.36
0.35 0.34 0.32
0.99 1.12 1.15
2.62 2.88 2.92
351 335 322
490 459 401
139 124 79
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Table 4
Assignment of FTIR bands of the glass system 79TeO2-(20−x)Nb2O5-
xB2O3-1V2O5.
Type of
bond
Band position Assignments
[TeO] 440–470 Bending vibrations of Te O Te
[TeO4] 630–670 Stretching vibrations of Te O of
TeO4 units
[TeO3] 770–790 Stretching vibrations of Te O of
TeO3 units
[BO4] 914–930 Stretching vibrations of B O of BO4
units
[NbO] 914–930 Stretching vibrations of Nb O of
NbO6 units
[BO3] 1213–1250 Stretching vibrations of B O of BO3Wavenu mber(c m )
Fig. 2. FTIR spectra of TNBV glass system.
indicates that these glasses have a more disordered struc-
ture due to the increase in the free volume. Changes
in molar volume are attributed to changes in structure
caused by an increase in inter-atomic spacing, which in
turn decreases the stretching force constant of the bonds
inside the glassy network, resulting in less compact glass.
The decrease in oxygen packing density from TNBV1 to
TNBV4 is due to the decrease in the number of oxygen
atoms per unit composition.
3.3.  Fourier  transform  infra-red  spectra  (FTIR)
The FTIR spectra of the quaternary glass system
79TeO2-(20−x)Nb2O5-xB2O3-1V2O5 in the range of
2000–400 cm−1 is shown in Fig. 2. FTIR bands of the
glasses and their assigned vibrational modes are listed
in Tables 3 and 4. For TNBV1 glass system, bands are
observed at 468 cm−1, 661 cm−1, 787 cm−1, 930 cm−1,
and 1213 cm−1. The band at 468 cm−1 is attributed
to symmetrical stretching or bending vibrations of the
Te O Te linkages, which are formed by corner shar-Please cite this article in press as: Swapna, et al. Raman, FTIR, 
quaternary glass system, J. Taibah Univ. Sci. (2016), http://dx.doi.o
ing of (TeO4), (TeO3+1) and (TeO3) units; this band is
also assigned to the bending vibrations of O B O bonds
[13–15]. The intense band at 661 cm−1 observed is due
Table 3
FTIR bands positions of the glass system 79TeO2-(20−x)Nb2O5-
xB2O3-1V2O5.
Sample code Peak positions (cm−1)
TNBV1 468 661 787 930 1213
TNBV2 455 651 776 926 1227
TNBV3 446 642 774 922 1232
TNBV4 441 630 771 914 1246units
to the stretching vibrations of Te O bonds in [TeO4] tri-
gonal bipyramidal (tbp) units. The band at 787 cm−1 is
attributed to the stretching vibrations of Te O bonds in
[TeO3] trigonal pyramidal (tp) units inside the glass net-
work. From the studies on tellurium glasses, it is noted
that the structure of these glasses is made up of TeO4 tri-
gonal bipyramid (tbp) units [16,17]. It has been reported
that the FTIR spectra of B2O3 containing glasses occur
mainly in three regions. The range between 1200 and
1400 cm−1 is from borate units, in which boron is con-
nected to three oxygens [BO3]. The region from 900
to 1100 cm−1 is due to boron in tetrahedral oxygen
coordination, i.e., [BO4] units. Bands in the range of
430–470 cm−1 are due to the manifestation of O B O
bending units [18]. For the present glass system, the band
observed at 930 cm−1 is due to the stretching vibrations
of Nb O bonds in [NbO6] octahedra that formed in the
glass network; this band is also ascribed to the B O
stretching vibrations of BO4 units. The decrease in the
intensity of the band at 930 cm−1 indicates the breakage
of B O bonds in BO4 units and successive conversion
of (BO3)3− orthoborate and BO3 triangular units [19].
The band at 1213 cm−1 is due to the [BO3] vibrational
units in the glass system.
As the B2O3 concentration increases from 5 to
20 mol% from the TNBV1 to TNBV4 glass system,
the band at 468 cm−1 shifts to 441 cm−1. The band at
661 cm−1 shifts to 630 cm−1, while the band at 787 cm−1
shifts to 771 cm−1. Initially, when B2O3 is added to
TeO2, Te O B bridge structures are formed inside the
glass. Further addition of B2O3 results in cleavage of
Te O Nb bonds taking place and the formation ofthermal and optical properties of TeO2-Nb2O5-B2O3-V2O5
rg/10.1016/j.jtusci.2016.02.008
Te O B bonds increasing. In addition to the formation
of these bonds, [BO4] units are converted into [BO3]
units. This is explained by the increase in the band from
 IN PRESS+ModelJ
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Fig. 3. Raman spectra of TNBV glass system.
Table 5
Raman bands positions of the glass system 79TeO2-(20−x)Nb2O5-
xB2O3-1V2O5.
Sample code Peak positions (cm−1)
TNBV1 271 481 679 847
TNBV2 267 472 669 833
TNBV3 265 466 667 821
TNBV4 260 461 665 815
Table 6
Assignment of Raman bands of the glass system 79TeO2-
(20−x)Nb2O5-xB2O3-1V2O5.
Type of
bond
Bond
stretching
Assignments
[TeO4] 610–683 Stretching vibrations of TeO4
[TeO3] 720–760 Stretching vibrations of TeO3
[NbO] 820–900 Stretching vibrations of Nb O
[TeOB] 600–630 Stretching vibrations of Te O B
[BO ] 900–1100 Stretching vibrations of BOARTICLETUSCI-286; No. of Pages 10
Swapna et al. / Journal of Taibah 
213 cm−1 to 1245 cm−1 from the TNBV1 to TNBV4
lass system. When the B2O3 content in the glass is
 mol%, there are Te O B bonds; as the boron content
n the glass increases, non-bridging oxygens (NBO) are
ormed. The presence of these bonds is confirmed by the
TIR bands in the range of 630 cm−1 [20]. The intro-
uction of B2O3 changes some of the [TeO4] units into
TeO3] units. From spectra, it is clear that glass consists
f TeO3 (tp) and TeO4 (tbp) units. As the concentration
f B2O3 increases, the band at 661 cm−1 shifts towards a
ower wave number (630 cm−1), which is the character-
stic band of [TeO4] trigonal bipyramids (tbp), and the
and at 787 cm−1 shifts to 770 cm−1, which is the char-
cteristic band of [TeO3] trigonal pyramids (tp) in glass.
he intensity of the bands related to Te O stretching
ibrations of [TeO4] increased, while the intensities of
ands corresponding to stretching vibrations of [TeO3]
nits decreased. The band at 930 cm−1 is the character-
stic band of [BO4] units; this band shifts to 914 cm−1
s B2O3 content increases, indicating a decrease in
BO4] units in the glass network. The role of B2O3 is
o break the three-dimensional network and hence cre-
te non-bridging oxygens (NBOs). These NBOs have
onic character and much lower bond energies [21]. The
BOs increase as B2O3 content in the glass increases.
ur results are in good agreement with the previous
ork conducted by researchers on the heavy metal oxide-
ased TeO2 glass [22].
.4.  Raman  spectra
The Raman spectroscopic studies are carried out on
he glass system 79TeO2-(20−x)Nb2O5-xB2O3-1V2O5.
aman spectra of the glasses help to unravel the pres-
nce of various structural units, as well as changes
n the structural units with the addition of modifier
ons. The Raman spectrum is complimentary to FTIR
pectra and is as shown in Fig. 3. The assignment of
aman bands is given in Tables 5 and 6. Five major
aman bands are observed: Band1: 250–275 cm−1,
and2: 460–480 cm−1, Band3: 660–685 cm−1, Band4:
20–770 cm−1 and Band5: 820–915 cm−1. Band1 is due
o the stretching vibrations of Te O B linkages [23].
e O Te linkages can also be explained by the peak
ear 460 cm−1. A band at 460 cm−1 is observed in most
f the tellurium glasses, which represents Te O Te link-
ges. The band at 660–685 cm−1 is due to the stretchingPlease cite this article in press as: Swapna, et al. Raman, FTIR, 
quaternary glass system, J. Taibah Univ. Sci. (2016), http://dx.doi.o
ibrations of [TeO4] structural units [24]. The stretch-
ng vibrations of [TeO3] structural units are presented
y the band in the range of 720–775 cm−1. The presence
f B O B bonds in boroxyl rings is also explained by4 4
[BO3] 1200–1400 Stretching vibrations of BO3
the peak of approximately 720–760 cm−1. The B O B
bonds in the form of boroxyl rings are confirmed by the
presence of this band [25]. The spectra reveal the pres-
ence of NBO6 octahedra, which is the characteristic band
for the tellurium niobate glasses and is represented by the
band at approximately 815–870 cm−1. From the spectra,
it is observed that with gradual substitution of the mod-
ifier oxide Nb2O5, significant changes are observed in
Raman spectrum for TNBV4 to TNBV1. The peak atthermal and optical properties of TeO2-Nb2O5-B2O3-V2O5
rg/10.1016/j.jtusci.2016.02.008
679 cm−1 shifts to 665 cm−1 and the peak at 760 cm−1
shifts to 739 cm−1; this is because [TeO3] units increase
as B2O3 content increases [26]. Due to the formation of
ARTICLE IN+ModelJTUSCI-286; No. of Pages 10
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Fig. 4. DSC plots of TNBV glass system.
NBO, as B2O3 oxide content increases, the bands shift
to lower wave numbers.
3.5.  DSC  analysis
The DSC curves of the glass system 79TeO2-
(20−x)Nb2O5-xB2O3-1V2O5 are as shown in Fig. 4.
DSC is useful in suggesting structural changes that take
place due to compositional changes. The thermal analy-
ses of the glass samples are made for the glass systems
in the temperature range of 50–500 ◦C. The glass transi-
tion temperatures (Tg), crystallization temperature (Tc),
and thermal stability (T) of the glasses are calculated
and listed in Table 2. B2O3 is a glass former, and when
combined with TeO2, Te O B bonds are formed in the
system [27,28]. Boron exists in the form of [BO3] and
[BO4] structural units in borate containing glasses. The
transition temperature is a function of glass composition
and also depends on the bond strength, crosslink density
and closeness of packing. Thus, it is important to cor-
relate the transition temperature of a glass system with
the enthalpy of atomization. Tg represents the tempera-
ture above which an amorphous matrix can attain various
structural configurations and below which the matrix is
frozen into a structure that cannot easily change into
another structure [29]. The variation of transition tem-
perature in the present glass system can be explained
as follows. The bond dissociation energy of Nb O is
753 kJ/mol and that of B O is 806 kJ/mol [30]. The bond
dissociation energy or the bond dissociation enthalpy isPlease cite this article in press as: Swapna, et al. Raman, FTIR, 
quaternary glass system, J. Taibah Univ. Sci. (2016), http://dx.doi.o
more for B O bonds because the bond length of a B O
bond is less than that of a Nb O bond. The lower the bond
length, the higher the bond strength. Thus, the atoms are
closely packed and more energy is required to dissociate PRESS
ity for Science xxx (2016) xxx–xxx
B O bonds, but the molar volume of the glass increases
as B2O3 content in the glasses increases and the transi-
tion temperature decreases as B2O3 increases; this shows
that Tg is very sensitive to any change of coordination
number of glass forming atoms and also the formation
of NBOs in the glass system [31]. As the boron content
inside the glass system increases, the non-bridging bonds
increase. This will decrease the glass stability; as a result,
the glass transition temperature also decreases [32,33].
From the DSC thermogram, it is observed that for the
TNBV4 glass system, the crystallization temperature is
approximately 401 ◦C, whereas the other glass samples
do not show onset crystallization near this temperature;
rather, they crystallize at higher temperatures; as a result,
thermal stability against crystallization is high. We have
noted that the density of the glass samples decreases
as B2O3 content increases. As the molar volume of the
glass samples increases, the number of Te O B bonds
per unit volume inside the glass increases. Te O B
units are loosely packed due to the increase of free vol-
ume inside the glass and the decrease in rigidity [34].
The average cross link density of the glasses increases
as B2O3 content increases and as Te O B linkages
increase and replace the Te O Nb bonds inside the
glass matrix. The average cross link density and num-
ber of bonds per unit volume have a direct link with
Tg of the glass [35,36]. As a result, the NBOs inside the
glass increase and there is variation in the glass transition
temperature.
3.6.  Optical  absorption  spectra
The optical absorption spectra of the 79TeO2-
(20−x)Nb2O5-xB2O3-1V2O5 glass system are recorded
in the wavelength range of 350–900 nm at room tem-
perature and are shown in Fig. 5. From the figure, it is
clear that each glass shows a distinct cut-off wavelength
(λc). The cut-off wavelength λc values are presented
in Table 2. It is found that the optical absorption edge
is not sharply defined in the present glasses, which
clearly indicates their glassy nature [37]. The fundamen-
tal absorption edge for TNBV1 at 568 nm is shifted to a
higher wavelength (632 nm) as B2O3 content increases
from 5 to 20 mol%. Shifting of the absorption edge to a
higher wavelength is due to the variation of molar vol-
ume and oxygen packing density with the incorporation
of B2O3 inside the glass.
The absorption coefficient can be determined near thethermal and optical properties of TeO2-Nb2O5-B2O3-V2O5
rg/10.1016/j.jtusci.2016.02.008
edge by using the following equation
α(ω) =
(
1
t
)
ln
(
I
I0
)
(5)
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Fig. 5. Optical absorption spectra of TNBV glass system.
here t is the thickness of the sample and ln(I/I0) corre-
ponds to absorbance. We calculate the photon energies
rom the wavelength and plot a graph between E  and
αE)1/2. The relationship between the optical bandgap
nergy (Eopt) and absorption coefficient α(ω) is given by
he equation
(ω) =  A (ω  −  Eopt)(ω)
p
(6)
This relation was proposed by Davis and Mott
38–40], where Eopt is the optical band gap, A  is a
onstant and p  takes values based on the mechanism
f inter-band transitions. According to Tauc’s relations
or amorphous materials, indirect transitions are valid.
oreover, the relationship between the bandgap and the
olar refractive index n  is examined by the equation
n2 −  1
n2 +  2
)
= 1 −
√
Eopt
20
(7)
The band gap of each sample is determined from the
urves drawn with energy (E) values on the x-axis and
αhν)1/2 values on the y-axis. The band gap plot for all
our glasses is shown in Fig. 6. The band gap values
re in the range of 1.93–1.72. From the values of band
ap, it is clear that the band gap decreases as the borate
ontent increases from x  = 5 to x = 20 mol%. The opti-
al absorption coefficient just below the absorption edge
aries exponentially with photon energy, indicating the
resence of an Urbach tail. Initially, when B2O3 is addedPlease cite this article in press as: Swapna, et al. Raman, FTIR, 
quaternary glass system, J. Taibah Univ. Sci. (2016), http://dx.doi.o
o TeO2, NBOs are formed in the system. In our system,
he B2O3 content increases from TNBV1 to TNBV4,
hich results in an increase in NBOs in the glass system.
s a result of the replacement of B2O3 with Nb2O5, thePhoto n Energy  (ev)
Fig. 6. Band gap plots of TNBV glass system.
structural changes take place inside the glass. As B2O3
in the glass matrix increases, B O Te is replaced with
Nb O Te and hence the stability of the glass is also
decreased. These structural changes will result in shif-
ting of the valence band maximum to higher energies,
thus reducing the band gap of the glass system.
In glasses and amorphous materials, there exists band
tailing in the forbidden energy band gap. The extent of
band tailing is a measure of the disorder in the material
and can be estimated using the Urbach rule. In many crys-
talline and non-crystalline semiconductors, αω  depends
exponentially on ω. This exponential dependence is
known as the Urbach rule. The Urbach rule is given by
the equation
α(ω) =  αo exp
(
ω
E
)
(8)
Urbach plots for the four glass samples are plotted
in Fig. 7. From the slope of the graph, the Urbach ener-
gies are determined. The Urbach energies are listed and
decrease as the Nb2O5 content inside the glass decreases.
The Urbach energies for TNBV1 to TNBV4 glasses
varies from 0.25 to 0.19 eV. The optical basicity of an
oxide glass will reflect the ability of the glass to donate
negative charge to a probe ion [41]. The optical basicity
calculations have been carried out using the following
equations. For this, the optical basicities assigned to
individual oxides are taken into account. According to
Duffy and Ingram, the optical basicity is calculated as
Λth = X1Λ1 + X2Λ2 + · · ·  + XnΛn, where Λ1, Λ2, Λn arethermal and optical properties of TeO2-Nb2O5-B2O3-V2O5
rg/10.1016/j.jtusci.2016.02.008
the basicity values assigned to individual oxides and X1,
X2, Xn are the equivalent fractions based on the amount
of oxygen each oxide contributes to the overall glass stoi-
chiometry. Optical basicity facilitates understanding the
ARTICLE IN PRESS+ModelJTUSCI-286; No. of Pages 10
8 Swapna et al. / Journal of Taibah University for Science xxx (2016) xxx–xxx
1.4 1.5 1. 6 1.7 1. 8 1.9 2. 0 2.1 2. 2
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
ln
 
αα
 TNBV4
 TNBV3
 TNBV2
 TNBV1
260 280 300 320 340 360 380 400
Magnetic field (mT)
Fi
rs
t d
er
iv
a
tiv
e 
o
f a
bs
o
rp
tio
n
 
(a.
u)
 TNBV4
 TNBV3
 TNBV2
 TNBV1
symmetry. Spin-Hamiltonian parameters (SHP) are cal-Energy (ev)
Fig. 7. Urbach plots of TNBV glass system.
types of bonds present inside the glasses; a higher value
of basicity denotes a more ionic bonding. The electronic
polarizability of an oxide ion αo2− can be calculated
based on Eopt and molar volume VM using the equation
αo2 (Eopt) =
[
VM
2.52
(
1 −
√
Eopt
20
)
−
∑
i
pαi
]
q−1
(9)
where VM is the molar volume, Eopt is the optical band
gap energy, αo is the polarizability of a cation, and p
and q represent the number of cation and oxide ions,
respectively, in the chemical oxide of the form ApOq.
The optical basicity and electronic polarization values
are calculated and listed in Table 2. There is an increase
in optical basicity and electronic polarization as B2O3
increases. This could be due to the basicity of B2O3 being
larger than the basicity of Nb2O5; the values are in agree-
ment with the studies conducted by other researchers on
other tellurium glasses. The variation of the band gap
and Urbach energies can be explained by the structural
changes caused inside the glass due to the addition and
increase of Nb2O5. This confirms that the optical prop-
erties of these glasses are enhanced by the addition of
Nb2O5 and B2O3 to the glass network.
The metallization criterion for the glasses is calcu-
lated using the equation given below.
M  =  1 − RM
VM
(10)
where R is the molar refraction and V is the molarPlease cite this article in press as: Swapna, et al. Raman, FTIR, 
quaternary glass system, J. Taibah Univ. Sci. (2016), http://dx.doi.o
M M
volume of the given glass sample.
The glasses reported here possess the metallization
criterion in the range from 0.3707 to 0.3221. TNBV1 hasFig. 8. EPR spectra of TNBV glass system.
the largest value (M  = 0.3707) and TNBV4 has the small-
est value (M  = 0.3221). A larger metallization criterion
value indicates a larger band gap between valence and
conduction bands. The metallization criterion for most
of the tellurium glasses could range from 0.30 to 0.45.
The range of the metallization criterion for the present
glass system falls into this range.
3.7.  Electron  paramagnetic  resonance  spectra
The EPR spectra of the 79TeO2-(20−x)Nb2O5-
xB2O3-1V2O5 glass system are shown in Fig. 8. The
spectra show the structure, which is due to the hyper-
fine interaction of a single, unpaired electron with the
vanadium nucleus, whose nuclear spin is 7/2. Vanadium
complexes are studied via EPR spectroscopy because
they have one unpaired electron and possess character-
istic spectra. Electron paramagnetic resonance (EPR)
spectroscopy of transition metal (TM) ions in glasses
is the most widely used research subject and helps in
identifying the local environment of paramagnetic impu-
rity and mapping the crystal field [42,43]. In our present
glass system, we have doped each sample with 1 mol%
of V2O5. VO2+ has been used as a spectroscopic probe
for the characterization of glasses because their EPR
spectra are rich in hyperfine structures due to the 51V
nucleus and are easily observable at room temperature.
The EPR spectra have been analyzed assuming that vana-
dium is present as VO2+ ions in a ligand field of C4vthermal and optical properties of TeO2-Nb2O5-B2O3-V2O5
rg/10.1016/j.jtusci.2016.02.008
culated using the equations given by Hecht et al. [44].
The solution for the Spin-Hamiltonian was suggested by
Bleaney [45].
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 =  g⊥βHzSz +  g||β(HxSx +  HySy) +  A||SzIz
+  A⊥(SxIx +  SyIy) (11)
here H  is the axial Spin-Hamiltonian and Hx, Hy and
z are the static magnetic field components. Hyperfine
plitting constants A11 and A⊥ are calculated using the
quations below.
⊥ = 17
[
H⊥
(−7
2
)
−  H⊥
(
7
2
)]
(12)
|| = 17
[
H||
(−7
2
)
−  H||
(
7
2
)]
(13)
here z  is the symmetry axis, S  is the electron spin oper-
tor, I is the nuclear spin operator and β is the Bohr
agneton. g⊥ and g|| are perpendicular and parallel com-
onents, respectively, of the g tensor. A|| and A⊥ are
he parallel and perpendicular components, respectively,
f hyperfine tensor A. The crystal fields of V4+ ions
nside the glasses are described either by three- or four-
old symmetries. The deviation of octahedral symmetry
aries the g|| and g⊥ values and is due to a change in
he environment of V4+ in the ligand field at the site of
4+
. As the B2O3 content is varied, it is observed that
etragonal distortion varies. This variation is non-linear
round the VO2+ ion [46,47].
It is clear from the figure that the field positions of
arallel and perpendicular peaks depend on the glass
omposition. The Spin-Hamiltonian parameters (SHP)
re calculated from the equations assuming that the
anadium is present as VO2+ ions. Spin-Hamiltonian
arameters g||, g⊥, A|| and A⊥ for the TNBV1 to
NBV4 system are listed in Table 7. g||, g⊥, A|| and
⊥ increase from TNBV1 to TNBV4. In the present
lass system, we have chosen the composition of B2O3
rom x = 5–20 mol% and it is clear that the EPR spec-
rum has a dependence on the composition of the glass.
rom the spectra, it is clear that vanadium is presentPlease cite this article in press as: Swapna, et al. Raman, FTIR, 
quaternary glass system, J. Taibah Univ. Sci. (2016), http://dx.doi.o
n the coordinated distorted octahedral symmetry, the
egree of distortion being a function of the composi-
ion of the glass. The Spin-Hamiltonian parameters listed
re in good agreement with other systems containing
able 7
pin-Hamiltonian parameters of glass system 79TeO2-(20−x)Nb2O5-
B2O3-1V2O5.
lass
ode
g‖ g⊥ g|| g⊥ g||/
g⊥
A|| ×10−4
(cm−1)
A⊥ ×10−4
(cm−1)
NBV1 1.93 1.96 0.09 0.04 1.53 173 63.4
NBV2 1.94 1.97 0.08 0.03 2.34 178 64.1
NBV3 1.96 1.97 0.06 0.03 2.78 184 65.4
NBV4 1.98 1.99 0.04 0.01 4.02 193 67.3 PRESS
ity for Science xxx (2016) xxx–xxx 9
vanadium. We have obtained g|| < g⊥ < ge and A|| > A⊥
for all four glass systems. This confirms that vanadium
occupies an octahedral site with tetragonal compression
[48–50]. g||/g⊥ is calculated and listed for each sam-
ple. g||/g⊥ is a measure of tetragonal distortion and
varies nonlinearly for each sample; this is due to the vari-
ation of the ligand field around the transition metal site.
The structural changes are in agreement with FTIR spec-
tra, where TeO4 units are partially converted into TeO3+1
and TeO3 units with the variation of B2O3 and Nb2O5
in the glass system. As g||/g⊥ decreases, there is an
improvement in octahedral symmetry at the vanadium
ion site and the degree of distortion dependent on the
composition of the glass.
4.  Conclusions
From the experimental results obtained from the
systematic study and analysis of the quaternary glass
system 79TeO2-(20−x)Nb2O5-xB2O3-1V2O5, it is con-
cluded that optical properties of tellurium glasses are
strongly influenced by the introduction of modifier oxide
Nb2O5 at the expense of B2O3 in the glass system. From
the experimental results, the following conclusions are
reached:
1. The band gap values decrease from TNBV1 to
TNBV4 and the optical basicity of these glasses
increases from TNBV1 to TNBV4.
2. Urbach energy values decrease as the borate con-
tent in the glass increases. Electron polarizability
increases from 2.59 to 2.92 from TNBV1 to TNBV4.
3. From the IR results, it is clear that tellurium exists
as [TeO4] and [TeO3] in the glass structure and the
number of [TeO4] to [TeO3] units varies as B2O3 con-
tent increases. The band shifts to lower frequencies
as B2O3 content increases. More and more B O Te
linkages are formed inside the glass and the stability
of the glass increases as B2O3 content decreases.
4. Raman spectra indicate that TeO4 trigonal bipyra-
mids, TeO3 and TeO3+1 trigonal units, and NbO6
octahedra are the basic structural units of the glass
system. From Raman studies, it is observed that
with increasing borate content inside the glass, more
and more [BO3] structural units are formed, which
increases the NBO in the glass network. The forma-
tion of NBO causes variation in the structural andthermal and optical properties of TeO2-Nb2O5-B2O3-V2O5
rg/10.1016/j.jtusci.2016.02.008
optical properties of the glass system.
5. From DSC studies, it is clear that the transition tem-
perature of the glass increases as borate content in
the glass decreases. This implies that the rigidity of
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glass decreases as boron content increases in the glass
matrix.
6. From EPR studies, it is obvious that g|| is greater
than g⊥, vanadium VO2+ is present in the glass in the
form of an octahedral coordination with tetrahedral
distortion and the ground state is dx2−y2 . Structural
changes take place as the borate content increases
in the glass system. Spin-Hamiltonian parameters
(SHP) vary with the change in B2O3 concentration.
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